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Determination of radioisotopes 
using ICP‐MS
The coupling between chemistry and 
instrumentation.
Per Roos
DTU NUTECH
Use of ICP‐MS in analysing 
radioisotopes


Plasma Trace II – High resolution ICP‐MS
Thermo X‐series II – Quadrupole ICP‐MS

Sample introduction
Pneumatic nebulisers
• Concentric nebulisers
• Cross‐flow nebilisers

The need of a spray 
chamber
High efficiency nebulisers



Pressure difference at interface region
Clean samples & need for matrix 
removal
Mass discrimination at interface
Detectors
Radioisotopes – focus on:
• Sensitivity (transmission of ions to detector)
• Polyatomic interferences & background signals
• Abundance sensitivity
• Isotope ratios
Alpha‐spectrometry of uranium
Natural uranium with U‐232 tracer
Inteference U&Th isotopes
Chemistry needed to remove matrix and interfering alpha emitters
Alpha‐spectra simulated by ‘AASI’ Monte Carlo
Alpha peak shape and the thickness of electrodeposited material
U & Th by mass ‐ extreme ratios
(atom ratios for stable element isotopes at % levels)
Activity ratio Atom number ratio
230Th/232Th 0.2‐5 ~ 10‐6 ‐ 10‐5
235U/238U 0.045 0.0072
234U/238U 0.5‐10 ~ 10‐5 ‐ 10‐4
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Peak tailing & peak shape
Mass
Abundance sensitivity natural uranium in soil. No 
radiochemistry
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Peak shape for quadrupole MS
Rounded peak top but very little tailing
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Efficiency alpha vs. ICP‐MS
• Alpha: Geometric efficiency about 25%
• ICP‐MS: Efficiency about 1: 10 000
• Alpha counting of 238U (4.5 109y). One month 
counting  about 10‐12 of the sample atoms 
have decayed.
• ICP‐MSmeasurement of 238U takes about 10 
minutes. 10‐4 of sample atoms are detected.
Different separation chemistry relative to radiometric needs
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Plutonium isotopes
Interferences from clorides
1 ppm lead and 3% HCl
1 ppm lead and 3% HNO3
Matrix supression
Instrument back‐
ground
1g sediment
‘raw’.
Sample after
TBP‐extraction
 238U raw counts
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Shoot samples Root samples
Negative side in applying chemsitry to the sample…….
235U/238U atom ratio vs. 235U counts
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• Sample introduction system
• Plasma instability
• Dead time corrections
• Mass fractionation
• Interferences
• Abundance sensitivity (peak
tailing)
Problems in isotope ratio measurements (single collectors)
